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Claims for ttie following Contracting States: ES + QR. 
@ Improvementarelating to antibodies. 

@ Aa antibody is produced, which will bind effectively wrth the 
antigen 'Campath-1, and which has at least one complemen- 
tarity determining region of rat origin, as identified In Figure 2, 
which may be combined with a ranga of different foreign 
variable domain framework regions as desired. Including 
framework regions of human origin. 
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Description 

Improvements in or relating to antibodies 

Field of the invention 
This invention relates to antibodies. 

Background to the invention 

Antibodies, or Immunoglobulins, comprise two heavy chains linked together by disulphide bonds and two 
light chains, each light chain being linked to a respective heavy chain by disulphide bonds. The general 
structure of an antibody of class IgG (I.e. an immunoglobulin (Ig) of class gamma (G)) is shown schematicallv 
in Figure 1 of the accompanying drawings. 

Each heavy chain has at one end a variable domain followed by a number of constant domains Each light 
chain has a variable domain at one end and a constant domain at Its other end. the light chain variable domain 
being aligned with the variable domain of the heavy chain and the light chain constant domain being aligned 
15 with the first constant domain of the heavy chain. The constant domains in the light and heavy chains are not 
involved directly in binding the antibody to antigen. 

The variable domains of each pair of light and heavy chains form the antigen binding site. The domains on the 
light and heavy chains have the same genei-al structure and each domain comprises four framewori< regions 
whose sequences are relatively conserved, connected by three complementarity determining regions (CDRs) 
20 (see reference 11 ). The four framewori< regions largely adopt a beta-sheet conformation and the CDRs form 
loops connecting, and in some cases fomrjing part of, the beta-sheet structure. 

The CDRs are held in close proximity by the framework regions and. with the CDRs from the other domain 
contribute to the formation of the antigen binding site. 

25 Summary of the invention 

According to one aspect of the present Invention there Is provided an antibody having at least one COR 
which IS foreign with respect to the constant region of the antibody, said at least one foreign CDR being 
selected from CDRs substantially as identified In Figure 2. namely residues 31 to 35. 50 to 65 and 95 to 102 of 
the heavy chain and residues 24 to 34. 50 to 56 and 89 to 97 of the light chain, the antibody beinq caoable of 
30 binding effectively to the antigen Campath-1. j a k 

The term "foreign" Is used in relation to the CDR(s) and constant region to mean of different origin. 
In Figure 2 and elsewhere in the specification amino acid residues are identified by the conventionally used 
one letter symbols, as follows: 

35 Amino Acid One-letter symbol 

Alanine a 

Arginine R 

Asparaglne N 

40 Aspartic acid D 
Asparaglne or aspartic B 
acid 

Cysteine c 

Giutamine Q 

Glutamic acid E 
Giutamine or glutamic Z 

acid 

Glycine G 

SQ Histidine h 

Isoleucine | 

Leucine i. 

Lysine K 

Methionine M 

Phenylalanine F 

Proline p 

Serine s 

Threonine j 

Tryptophan w 

Tyrosine y 

Valine v 
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or equal to 7 ug/ml. Binding aflinlt? may bVteTte" s^^ro^^^^^^^^^^ T '^T 

herein, eg us ng Campath-1 antlaan ohtalnBrt frnm I^.rT,- K[?°^°^^^^ described in the Examp e 

Thus, a standard procedure for tSfe^^^^^ = microgram) 

Campath-1 antigen from humln spleens ™fj^ ^''P"^'' ^° ^''^ extraction of the 

volume Of homogenS hu3 spten^is?u^wlS <^^,,f'^'^''*'°." treatment of 1 

volumes of chloroform After JxIn^DreciStL rl^^^^^^^^^^^^ ""'""^^^ °f '"«*hanol and 5.4 

added, followed by Lher S T^e mSSfeTrl'' ,?"''^'^f ^ ^"^^^ ofv^^ter are 

chlorofonnH:ontainl,gphLer2car3ed and the u^ *h ^° Pl^^^^^. the lower 

extract of the Campath-1 an Igen wWch c^ 1 Li^™H ^.^f^^"^ concentrated to provide a crude 

example using the nH^TSoTlZ to li;:^^^^^^ '"^'^^ ''^ ^^"'^^ chromatography, for 

SO to Se and^S to W of ^ S^c^l^ln^S ™ ^ 

cio^L'^S^ltT^'Zs'^^^^^^^ ^^f"^']"-'^ a range of different variable 

upSnrer^^s^t^'n^^r^^^^^^^^^ ttf^r^Her r r^^^ 

108 Of the light chain, and that will bind effect JyToThlfXn Camparh!l '''' "^"""^ ' 

IucLT^^ih''^''^ °' fr«"i««'0rt( regions Of human origin 

antiglobulin ^efponset duCSl^aw ' parfoularly desirable to use human isotypes. to minimise 
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In addition, the lgG2b antibody YTH 34.5HL-G2b, but not the other Isotypes. is effective in antibody 
dependent ceil mediated cytotoxicity (ADCC) with human effector celle (reference 8). These rat monocional 
antibodies have found important application in the context of Immunosuppression, for control of 
graft-versus-host disease in bone man-ow transplantation (reference 6); the management of organ rejection 
5 (reference 9); the prevention of marrow rejection and in the treatment of various lymphoid malignancies 
(reference 10). For in-vivo use, the igG2b antibody YTH 34.5HL-G2b seems to be the most effective at 
depleting lymphocytes, but the use of any of the antibodies in this group Is limited by the antiglobulin response 
which can occur within two weeks of the initiation of treatment (reference 10). 
Antibodies in accordance with the Invention, particularly those based on human isotypes. thus have good 
10 therapeutic potential. In particular, the availability of a reshaped human antibody with specificity for the 
Campath-1 antigen should pemiit a full analysis of the in vivo potency and immunogenicity of an 
anti-lymphocyte antibody with wide therapeutic potential. Such reshaped antibodies have been used In the 
treatment of patients with non-Hodgl<ln lymphoma, as well as in the treatment of some cases of autoimmune 
disease. Further trials with organ graft patients, particularly kidney graft patients, are proposed. Even if 
15 anti-idiotypic responses are eventually observed, considerable therapeutic benefit could be derived by an 
extended course of treatment. In addition an antiglobulin response restricted to Idiotype should be 
circumvented by using a series of antibodies with different idiotype (reference 20). In principle, the Idiotype of 
the reshaped Campath-1 could be changed by altering the hypen/ariable regins or the frameworic regions- 
evidence from a reshaped antibody specific for the hapten nitrophenyl acetate suggests that the recognition 
by anti-idiotypic antisera and anti-Idiotypic monoclonal antibodies Is influenced by residues in the framework 
region (reference 5). Thus recycling the hypervarlable regions on different human framework regions should 
change the idiotype, although ultimately it could focuss the response directly onto the binding site for 
Campath-1 antigen. Although such focussing would be undesirable for Campath-1 antibodies, rt could be an 
advantage for the development of anti-idiotypic vaccines. 
25 In further aspect, the invention thus provides a method of treating patients, particulariy humans, with 
cancers, particularly lymphomas, or for immunosuppression purposes, comprising administering antibodies in 
accordance with the invention. 

Antibodies in accordance with the present invention may be formulated for administration to patients by 
mixing antibody purified in conventional manner with a physiologically acceptable diluent or carrier, possibly in 
30 admixture with other therapeutic agents such as other antibodies. In one example, purified antibody was 
reconstituted in a commercially available human plasma protein solution (minus gamma globulin). The 
formulation was administered by intravenous Infusion at the rate of 5 mg antibody per day for at least 1 0 days. 

Antibodies In accordance with the Invention can be produced in various different ways, as will be described 
in greater detail in the Examples following. 
35 Heavy and light chain variable domains are conveniently produced separately and assembled with the 
remainder of an antibody of desired origin, eg desired human isotype. 

Genes encoding the variable domains of an antibody of desired structure may be produced, and attached to 
genes encoding the constant domains of an antibody of desired isotype. Genes encoding variable domains- 
can be derived from hybridoma cDNA or from the chromosome. Genes encoding the variable domains are also 
40 conveniently constructed by gene synthesis techniques or by site directed mutagenesis using long synthetic 
oligonucleotides. Expression Is conveniently effected by transforming a ceil line, eg an immortalised 
mammalian cell line such as a myeloma cell line, with expression vectors Including DNA coding for the variable 
domains and for the remainder of the antibody and culturing the transfomed ceil line to produce the desired 
antibody. 

45 In another aspect the invention provides a process for the preparation of an antibody having at least one 
CDR (complementarity determining region) which la- foreign with respect of the constant region of the 
antibody, said at least one foreign CDR being selected from CDRs substantially as Identified in Figure 2 that is 
ammo acid residues 31 to 35, 50 to 65 and 95 to 102 of the heavy chain as shown in Rgure 2a. and amino acid 
residues 24 to 34. 50 to 56 and 89 to 97 of the light chain as shown in Figure 2b, the antibody being capable of 

50 binding effectively to the antigen Campath-1 . which process comprises culturing a cell capable of expressing 
the antibody In order to effect expression thereof. 

It will be appreciated that the antibody may be used in a form which retains the CDRs but lacks other parts of 
the whole molecule not essential to its binding efficacy, in particular a F(ab')2 fragment, and the word antibody 
IS used herein to include such materials. 

55 The invention will be further described, by way of illustration, in the following Examples which refer to the 
accompanying drawings, in which: 

Figure 1 1s a schematic diagram Illustrating the structre of an IgG molecule : 

Rgure 2 illustrates nucleic acid and amino acid sequences of the variable domains of antibodies in 
r u^"*^® invention, with Rgure 2a representing the heavy chain and Rgure 2b representng the 

eo light Cham. The upper line of the Figure gives sequence information for reshaped antibody, with the lower 

Ime giving sequence Information for rat YTH 34.5HL antibody; 
Rgure 3 illustrates the sequence of the HuVLLYS'' gene and derived amino acid sequence; 
Figure 4 illustrates the sequence of the HuVLLYS gene and derived amino acid sequence; 
Rgure 5 illustrates a strategy for producing a reshaped human antibody having rat CDRs; 
65 Figure 6 illustrate loop Phe 27 to Tyr 35 in the heavy chain variable domain of the human myeloma 
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protein KOL; 



8 iKSes °l ly^'^ and ADCC for various antibodies: 

CAMPA^° H ' °' "^^"^ "^^"^ '-o (patients 1 and 2) patFents treated with 

A = patient 1 trephine before treatment with CAI^PATH-1 H 
C " r I P ?*u"*^*?'^('°^^ treatment) 
o = patient 2 aspirate before treatment with CAIWPATH-1H 
Fin. ,ro ^ ^P"**® °" ''^y 78 35 days after treatment) ; 

JSoda: ^''^^^^'^y patents 1 and 2. showing affected spieens and . 



A = patient 1 before treatment with CAMPATH-1H 
B « patient 1 on day 57 



0° :S«loT^5"S"''""'=™''*™-" 

Example 1 20 

-'"^^y VTH 34.5HL 

Kaba^.referenoe.,.sUnce.nfiS^^^^^ 
ohS^^eVu^efptfXTdS^^^^^ 

binding site and Leu 45 fs in the Sa bu^e ISf^^^^^^ !,'°°P ^'^^^^ the antigen 

light chain variable domains (ref erence 12 In S'h ^ -S^ thf ^! conserved packing between heavy and 
and presumably this could l^ave some ef^e?t7n tS"n^^^^ 

Worldngatthelevelof*e geneTd u!J^i,«e^^^^^^ of the heavy and light chain variable domains 
in a single step the hypeiSTle reaionf o^^ 

the NEW heavy chain bet^eenTrnuhikh-H^^^^^^^^ 

Brool<havend^bal (rn Sh^er) 4^^^^^ and the sequence deposited In tt,e 

definitive and the discrepWwIeTd^ not 

domain HuVLCAIMP is a ron^fn,5 P'^'^ent considerations. The reshaped light chain variable 

myeloma protSrREI wy tt cS^^ ^^9'°"^ °' ^^^n^an 

sequence (reference 2SseqSenoSmaT^^^^^^ ^""^ ^ human J^reglon 

the upper ines In Rgure' 2 X seoi^cTS «S,n™ r""^" °^ ^'^^P^'^ antibody is given in 

genes are also marked in Rgure 2. °"9°nuc>eotide pnmers are given and their locations on the 45 

34.?HMfal'at?W%^^^^^ 1^ ^""^ -^Vbridoma clone YTH 

end of the CH1 (oH^onuSJe if Se cJ Zl, r^.fn*!^ *e5' 
described in references ^™ d 25 (oligonucleotide II). cDNA was cloned and sequenced as 

.nt«du3at^rch°l?d^^^^^^^ -r'^^^on s«es (Xba. and Sal., were 

.'rrng-^iSS^^ 

domain is thus Identical to «iat of 'Si Sshl " '"''""""^ °^ ""^^'^ 

-..c*« Low, Mrpisrsiss: Sis- ^.'°^^s^ "^'^ ^ 
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irJ!l *P*^ "a"?^ °'iain vanable domain (HuVLCAMP) was constructed in an 1^13 vector from a gene with 
framework reguins based on human REI. As above, three long oligonucleotides (XIV. XV and 5S) were tTed 
to introduce the hypervariable regions of the YTH 34.5HL light chain 

(1) The "hufnanised- light chain variable domain (HuVLCAMP) was constructed in three staaes utilisino a 
humamsed hght chain variable domain (HuVLLYS) which had been constructed for otJmr purposed ^ 

(HS^rvl") -^JS^^^^ ^^T^t^ ^ -humanised- light chain variaWe domain gene 

IITh. • '■ u ""y^'-YS gene incorporates human framework regions identical to the most common 
Q7^ n« ' kT'' ^^^^^ ^'9"'"^"^ °* ^^^^ kappa subgroup I. excepT?or SeS 

97-1 08 which were identical to those in the human J1 fragment described in reference S Se sequeJSes 

Sdr's rHrifY^rreTdir 17'^*° -'-d light Chain stm'SureTEl 

^.^^f^r^ * identical to those in the mouse antllysozyme antibody (D1 3) iiaht chain 

(unpublished) A 30 bp sequence. Identical to the sequence following the genomic Jl segment was 

of T.°^thpt J' ' °I o'? = fntSduieSThe 3' end 

ollr/o^frS^of.?!' f""* ^ ^^J^^ ^' °f H"VLLYS= is described in 

in^guTa 3 °^ ^'"^ """^ ^^''^^^^ Qlven 

(b) The second stage involved the introduction of the HuVLLYS" gene In place of the heaw chain 
vanable domain In the vector M13-M0VHNP and this is described In plrgraphs 6 and 7 belcw Sus thj 

the 3 end erf the gene the sequence Is derived from the human light chain J1 segment as described in 
RgX ^ °' """^'■^^ 3'"' ""'^ '^^^"^ ^'"^ acld^equence te glvS S 

witKci^oS^^^^^^^ °' ""^^^'^ *° ^ ^^^^ ^'^^ 'o^sln 

,J;I^' synthesis of the HuVLLYS« gene, three blocks of oligonucleotides (PK1-5, KK1-5 and KE1-8 in the 
table in paragraph 3 below were cloned separately into 1^13 vectora. and sequenced/ Each cloned bockwas 
excised and ligated together into M13mp19 to create the HuVLLYS" gene Olockwas 
3. Ollgonucleottdos listed below were produced on an Applied Blosystems 380S synthesizer Each 
ohgonuc eo ide vjms size-purified. 10 nmol being subjected to electrophoresis on a 20 x 5S cm T^o 
polyacrylamide. 7M urea gel. eluted from the gel by dialysis against water, knd lyophillzed For gene sZh^l 
or mutagenesis, a 50 pmol aliquot of each purified oligonucleotide was phosphor! ated in a^ uKSn 
mixture with 50mM Trls-CI (pH 8.0). 10mM MgCla. 5mM dithiothreltol. 1 mM A?^'andS^^^^ 

i^irh'"'"H^''H^^wY ^° "^^'^ ^ hybridization probes. gel-puSflSollgorucSoSs 

were phosphorylated In a similar fashion, except on a 15 pmol scale with ai^, excLTaap^rete^ AT^ 
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sequence (5'-3' ) 



GACATCCAGATGACCCAGAGCCCAAGCAGCCTGAGCGCCAGCGTGGGT 

GACAGAGTGACCATCACCTGTAGAGCCAGCGGTAACATCCACAACTAC 
CTGGCTTGGTAC 

CAAGCCAGGTAGTTGTGGATGTTACCGCTGGCTCTACAGGTGAT 

GGTCACTCTGTCACCCACGCTGGCGCTCAGGCT 

GCTTGGGCTCTGGGTCATCTGGATGTCTGCA 

CAGCAGAAGCCAGGTAAGGCTCCAAAGCTGCTGATCTACTACACCACC 
A 

CCCTGGCTGACGGTGTGCCAAGCAGATTCAGCGGTAGCGGTAGCGGTA 
C 

CGCTACCGCTACCGCTGAATCTGCT 

TGGCACACCGTCAGCCAGGGTGGTGGTGTAGTfiGATCAGC 
AGCTTTGGAGCCTTACCTGGCTTCTGCTGGTAC 

CGACTTCACCTTCACCATCAGCAGCCTCCAGCCAGAGGACATCGCCAC 
CTACTACTGCC 

AGCACTTCTGGAGCACCCCAAGGACGTTCGGCCAAGGGACCAAGGTGG 
A 

AATCAAACGTGAGTAGAATTTAAACTTTGCTTCCTCAGTTGGATCCTA 
G 

KE4 AATTCTAGGATCCAACTGAGGAAGCAAAGTTTAAA 

KE5 TTCTACTCACGTTTGATTTCCACCTTGGTCCCTT 

KE6 GGCCGAACGTCCTTGGGGTGCTCCAGAAGTGCTGGCAGTAGTAG 

KE7 GTGGCGATGTCCTCTGGCTGGAGGCT 

KE8 GCTGATGGTGAAGGTGAAGTCGGTAC 



PKO 



TCATCTGGATGTCGGAGTGGACACCl 



oligonuitWe PK1 PiS^ pkK?^^^^ * ^'"^"^ P^^ions of each 

for 5 minmes S7'C SmS;^ » ' ^ P^^S^P^ 3. were combined and annealed at 80-C 

minutes. 67 c for 30 minutes, and allowed to cool to room temperature over the span of 30 minutes 0 1u^ 
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of this annealing mix was ligated with 20 ng of Pstl/Kpnl digested M13-mp19. in 10ul 50mM Tris-CI {pH7 5) 
10mM MgCl2. 10mM dithiothreitol, 1 mM ATP, 120 units T4 DNA ligase (Biolabs). and incubated 12 hours at 
15^C. The ligation mix was used to transfect competent E. cell strain BMH 71-18. plated with BCIG and IPTG 
and a clone containing the complete Pstl-Kpnl insert was identified. 
5 5. The three cloned blocks were excised from 10ug double-stranded replicative form of the thee M13 
vectors, by digestion with Pstl/Kpnl (block PKI-S), Kpnl (block KKI-S) and KpnI/EcoRI (block KE1-8) The 
inserts were separated from the vector by electrophoresis on a 20 x 20 cm 12o/o polyacrylamide gel eluted 
from the gel slices with 0.5 M NH4OAC. 10 mM Mg (0Ac)2. 0.1 mM EDTA. O.IO/0 SDS. and purified by phenol 
extraction and ethanol precipitation. All three fragments were ligated to Pstl/EcoRI cut M13- mp19 200 white 
10 piaques were transfenred by toothpick to a fresh 2xTY plate, and grown as a grid of infected colonies The plate 
was blotted with nitrocellulose filters, which were then treated with 0.5 M NaOH, followed by 1M Tris-CI 
(PH7.5), and baked 1 hr at 80«C under vacuum. The filters were washed at 67'' C in 3x Denhardfs solution 
2xSSC. 0.070/0 SDS. followed by 6xSSC at room temperature. Filters were then probed with the radiolabeled 
oligonucleotides KK3 or KK4 in 3ml of 6xSSC at 37° . Following hybridization with both olignucleotides positive 
SgISerM13^H^^^ sequencing. A phage clone containing correctly assembled blocks was 

6. To introduce the HuVLLYS* gene in place of the heavy chain variable domain in the vector M13-M0VHNP 
(descnbed in reference 5) as MVnp with Hindll site at the 3' end of the reading frame), double-stranded 
replicative form DNA of phages M13-HuVLLYS*' and M13-M0VHNP were prepared and digested with PstI and 

20 BamHI. The insert of M13-HuVLLYS was isolated on a polyacrylamide gel, and the vector portion of 
M13-MOVHNP was isolated on an agarose gel. The purified fragments were ligated and transfected into E coll 
strain BMH71-18. and the resulting plaques probed with oligonucleotide KK3 to identify the insert TTie clone 
was designated M13-HuVLLYS*. 

7. In the M13-HuVLLYS* gene, to join the signal sequence of MOVHNP correctly to the 5' end of the 
25 HuVLLYS'' gene (at the PstI site), single stranded DNA was prepared and altered by oligonucleotide directed 

w*/IfS®?.!f L^'^*^ ^^^^^ paragraph (3) for sequence. The mutant clone was designated 

M 1 3-HuVLuYS, 

The reshaped human heavy and light chain variable domains were then assembled with constant domains in 
three stages as illustrated in Figure 5. in Figure 5 sequences of rat origin are marked in black, and those of 
30 human origin in white. The recombinant heavy and light chains are also mari<ed using a systematic 
nomenclature. 

The illustrated procedure permits a step-wise check on the reshaping of the heavy chain variable domain 
(stage 1 ). the selection of the human isotype (stage 2). and the reshaping of the light chain variable domain and 
assembly of human antibody (stage 3). The vector constructions were genomic, with the variable domains 

35 excised from the M13 vectors and cloned as Hindlll-BamHI fragments and the constant domains as 
BamHI-BamHI fragments in either pSVgpt (heavy chain) (reference 15) or pSVneo (light chain) (reference 16) 
vectors. The heavy chain enhancer was included to the 5' side of the variable domain.and expression of both 
light and heavy chains was driven from heavy chain promoter and the heavy chain signal sequence 
The human gamma 1 (reference 26). gamma 2 (reference 27). gamma 3 (reference 28). gamma 4 (reference 

40 21) and K (reference 22) constant domains, and the rat gamma 2b (reference 29) constant domains were 
introduced as BamHI-BamHI fragments. The following plasmids were constructed and transfected into 
lymphoid cell lines by electroporation (reference 30). In stage 1. the pSVgpt vectors HuVHCAMP-RalgG2B 
^.nfJf^. mutants for reasons to be explained below. HuVHCAMP(Ser27 to Phe)-RargQ2B' 
. cr^f^ Thr)-RalgG2B) were introduced into the heavy chain loss variant of 

45 YTH34.5HL In stage 2, the pSVgpt vectors RaVHCAMP-RaIgG2B, RaVHCAMP-HulgGI. RaVHCAMP-HulgG2 
RaVHCAMP-HulgG3. RaVHCAMP-HulgG4 were transfected as described above. In stage 3, the pSVgpt vector 
Hu(Ser27-Phe. Ser30-Thr)VHCAMP-HulgG1 was cotrahsfected with the pSV-neo vector HuVLCAMP-HulqK 
into the rat myeloma cell line YO (Y B2/3.0 Ag 20) (ret 17), In each of the three stages, clones resistant to 
mycophenollc acid were selected and screened for antibody production by EUSA assays. Clones secreting 

50 antibody were subcloned by limiting dilution (for YO) or the soft agar method (for the loss variant) and assayed 
again before 1 litre growth In roller bottles. 

Hea^/y chain variable domain 
In stage 1. the reshaped heavy chain variable domain (HuVHCAMP) was attached to constant domains of 
55 the rat isotype lgG2b and transfected into a heavy chain loss variant of the YTH34.5 hybridoma The loss variant 
cames two light chains, one derived from the Y3 fusion partner (reference 17). The cloned rat heavy chain 
vanable domain (RaVHCAMP) was also expressed as above. 

Antibodies were harvested at stationary phase and concentrated by precipitation with ammonium sulphate 
followed by ion exchange chromatography on a Phamnacia MonoQ column. The yields of antibody were 
60 measured by an EUSA assay directed against the rat IgQ2b Isotype. and each adjusted to the same 
concentration (reference 21). 

The HuVHCAMP and RaVHCAMP antibodies - all of the rat lgG2b isotype -were compared in a direct 
binding assay to the Campath-1 antigen (obtained from a glycolipid extract from human spleen), and also in 
complement lysis of human lymphocytes. For measuring the binding to antigen, the partially purified 
&5 uampatn-1 antigen was coated onto microtitre wells. Bound antibody was detected via a biotin labelled anti-rat 
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'S^C::ZZ\T:f^^^^^^ streptavidin-peroxidase coni.gate (A.ersha. 

in reference 7 Fnr h^th ki«^- 'ympnocytes with human serum as the complement source was as described 

antibody gmng 50% maximZindC^^^ 
The results are given in Table 1. 



Table 1 

Reshaping the heavy chain variable domain 

heavy chain Concentration of antibody in 
vanable ug/ml at 500/o binding or lysis 



domain 

antigen complement 
binding lysis 

RaVHCAI^P 07 g 1 

(•) 
16.3 



15 



HuVHCAMP 27.3 
HuVHCAMP 1.8 
(Ser27to Phe) 

HuVHCAMP 2 0 17S ^ 

(Ser27 to 
Phe.Ser30 to 
Thr) 

(*) Complement lysis with the HuVHCAMP 25 
variable domain was too weak for the estimation of 
lysis titre. 

mFmmmm 

si^ft K ^^^^ Side chains are conserved, but In HuVHCAMP PheS Is rSced b! 

mmmmmm 

Heavy chain constant domains 55 



55 



45 



50 
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effectors. After 4 hours at 37° C death was estimated by sicr release. 

The results are shown fn Figure 7. in which the results for rat heavy chain variable domain attached to 
different human isotypes are represented as follows: 



'9^1 empty squares 

igG2 empty circles 

lgG3 solid squares 

*gG4 empty triangles 



Results of lysis with the antibody YTH34.5HL are represented by solid circles. 

In complement lysis (Figure 7a). the human igG1 isotype proved similar to the YTH34.5HL-G2b with the 
human IgG3 isotype less effective. The human IgG2 isotype was only weakly lytic and the igG4 Isotype 
non-iytic. in ADCC (Figure 7b) the human IgG1 was more lytic than the YTH34.5HL-G2b antibodv The 
75 decrease in lysis at higher concentration of the rat igG2b and the human IgG1 antibody is due to an excess of 
antibody, which causes the lysis of effector cells. The human igG3 antibody was weakly lytic, and the IgG2 and 
igG4 isotypes were non-iytic. yv^ ««« 

The human lgG1 isotype was therefore suitable for a reshaped antibody for therapeutic use Other recent 
work also suggests the lgG1 isotype as favoured for therapeutic application. When the effector functions of 
20 human isotypes were compared using a set of chimaeric antibodies with an anti-hapten variable domain the 
!gG1 isotype appeared superior to the igG3 in both complement and cell mediated lysis (reference 4) 
Furthermore, of two mouse chimaeric antibodies directed against cell surface antigens as tumour ceil 
mari<ers. with human igG1 or igG3 isotypes. only the lgG1 isotype mediated complement lysis (references 2, 
3). 

25 

Light chain 

/o'^lo^t^nu reshaped heavy chain was completed, by attaching the reshaped HuVHCAI^P 

(Ser27 to Phe. SerSO to Thr) domain to the human igG1 isotype. The reshaped light chain domain HuVHCAMP 
was attached to the human Ck domain. The two vectors were cotransfected into the non-secretinq rat YO 
30 myeloma linei. 

Antibody HuVHCAI^P (Ser27 to Phe. Thr30 to Ser)-HulgG1, HuVLCAi^P-HulGK was purified from 
supernatants of cells in stationary phase by affinity chromatography on protein A Sepharose. The antibody was 
at least 950/o (by wt) pure. The yield (about lOmg/l) was measured spectre photometrically. Complement and 
ADCC assays were perfonned as described In connection with Rgure 7. 

35 The results are shown in Figure 8. in which the results are reshaped human antibodies are represented by 
squares and those for rat YTH34.5HL antibodies are represented by solid circles 

The purified antibody proved almost identical to the YrH34.5HL-Q2b antibody in complement lysis (Rgure 
8a). In cell mediated lysis the reshaped human antibody was more reactive than the rat antibody (Rgure 8b) 
Similar results to the ones In Rgure 8b were obtained with three different donors of target and effector ceils 

40 {data not shown). Furthermore the antibody was as effective as YTH34.5HL-G2b in killing leukaemic cells from 
three patients with B Cell lymphocytic leukaemia by complement mediated lysis with human serum 

The rat antibody and fully humanised antibody were compared in a direct binding assay to Campath-1 
antigen. Antibody concentrations were determined as described in Rgures 7 and 8. TTie amount of rat antibody 
bound to partially purified Campath-1 antigen was determined as described in connection with Table 1 The 

45 amount of human antibody bound was determined by an EUSA assay using a biotinylated sheep anti-human 
IgG antibody (Amersham). 

Table 2 

50 Reshaping the heavy and light chain variable 
domains simultaneously 

antibody Concentration of 

antibody in ug/ml at 
^ 500/0 binding 

antigen binding 

RaVHCAMP Ra1GG2B 
RaVHCAi^P RaKappa 1.01 
HuVHCAMP (Ser27 to 
60 Phe, Ser30 to Thr) 
Hu1GG1 

HuVLCAMP HuKappa 1.11 
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Thus by transplanting the hypervariable regions from a rodent to a human antibody of the lgG1 subtype, the 
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^Sftlf ?" T^^P^** therapeutic application. 

domain). It Is quite possible to build the reshaTed ^7boI^?^^^ ^^^"if '"9 °' "Sht chain variable 

reshapedvariab,edo..ns. attaching toapp^n^rrt:^^^^^^^^^^ 
Example 2 

Patients and Methods 

ml sa.n«. «a3 Infused over 2-4 hours """" l^>"'«""' "•'HSW and smlbody. diluted in 500 

(reSctlTir.^^^^^^^^^^^ co.p,e«,ated ,s,s 

normal lymphocytes. Southern blot anafylii^xhZlmmu^^^^^ immunofluorescence >ilth 

tumour cells in DNA extracted from monoLTar ^nS hn!o " P"''^,*^^ to detect residual 
sought by two techniques. The first vvasnond l«r ^ Antiglobulin responses were 

CAMPATH-1H. After incubation vSrpaSsem^^ ^''rUT^T'^ "'"^^ '"'"^''^^^ Plates coaJed^t™ 
CAMPATH-1H followed by streSin^Sdie JS^^^ T bio«n-labete; 

IgG was used as a positive control and ^ ng7ml^flSmix^^^^ T?" 

patients serum samples were mixed with «H7=ir« [""l*"™ would be detected. In the second assav 

by 5 ng/ml of the co^tn^l -^^e wouS'bVS^^^^^^^^^ ^O)- AgJut.S 

standard reagents and techniques from the CentS SSn^ «f 

Transfusion Service. "'^ Laboratory of the Netherlands Red Cross Blood 



RESULTS 
Patient 1 



Chemotherapy and radiotherapy and raf^nlboK^^^ ^ °^ ^e^tment. Including. 

CAMPATH-1H. ^' aniiDody to Campath-1. She was then given treatment with 

rngXShteT^IriltgX^^^^^ 

over 30 days. The response wipSTSdl^^^^^^ !" ^' '^^^"^ ' ^ '"Q 

reduction in splenomegaly and recS orbloSK^^^^^ ''^ '^'^ ^° pronounced 

the blood (Figure 9). ^ °**''°°'^"^"''°P'^''^'^*1 by day 18 lymphoma cells were cle^^ 

er^hClelVnS:X7h^ ^ ^^T'^ ^'^^^^ •"^^'^P"-'^ 

cytometry. DNA from the mononuclei mS^w SllfwM ^e^^^^^ k'w ""'^^'^'^ 

probe under conditions where clonal rJr^cLln^ was gernillne when probed with an Immunogloublln Jh 
that lymphoma cells were c^lr^d fr^ m^^^Jrow "^^^^^ ""^"^ « Is concluded 

11A. B). although It was still sS^ZSge^^^m' ^ ^'''"^^ 

ar,?STe"aSr:mSS^^^^^^^ 

response could be detected ^d rl^^r^nce ofJn'tSXomT' ^° 
next 3 weeks the patient continued to eSnce l^«5?n^ ^ "^^^^ 
cotrlmoxazolebecauseofherlymphooenlab^tnofrf^^h "^'/u''®'' ^"'^ "9°"- She was given oral 

inthenext4momhslympEes 
(up to 0.2 X 108/1). TherdW S sho^ffe chSrisS^f^^^^ rBsppesred In the blood 

CD3-posltlve and CD19.posltlve cells were pS^f Tlhin^l Immunogloublln fragments, and both 
cn t" ^'yj°^ presentation, have risen tSs nonrf^illrA'^^^ f^^** 
50 days after the end of treatment were ag^n 3cS^?u^^^^^ *''^P'''"« 
sample contained 40yb CAMPATH-I-Dosmve roi?f I 

immunoglobulin genes. HoweveTby day iSStm?^^^^^^ rearrangements of 

size had started lo Increase A second cSS^^^^^^ '^ll''^^*''* ^Pte^n 

Similar therapeutic benefit to the first Snd no 

appeared to be the spleen, splenectomy wMSd oS fho n ^fJP"" °^ "'^^^^ ^ Pa«e"t 

time no tumour cells could be detecteHlSd ^m^^^^ 
3P.enectomy.Thelymphocytecountlsn'isr?asr^^^^^^ 
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Patient 2 

A 67-year old man presented in April 1988 with splenic pain; there was 12 cm splenomegaly, and computed 
tomography scan of thorax and abdomen revealed retrocrural and para-aortic lymphadenopathy. the largest 
node measuring 3 cm in diameter (Figure 1 1 C). A blood count revealed 36,6 x 10^ lymphocytes/ml. the majority 

5 being lymphopiasmacytoid cells which expressed surface IgG-kappa and were characterised by large 
cytoplasmic periodic-acid-Schiff-positive vacuoles which could be intensely stained by anti-IgG. A marrow 
aspirate contained 72% lymphomatous cells (Figure IOC). DNA from blood monomuclear cells showed 
biallelic rearrangement of immunoglobulin Jh genes- but was germline with various T-cell receptor and 
oncogene probes. The lymphoma cells expressed the CAI\/1PATH-1 antigen in amounts comparable with 

10 normal lymphocytes but were more resistant to complement-mediated lysis. Stage iVA grade I 
lymphopiasmacytoid non-Hodgkin lymphoma was diagnosed. 

The patient was offered CAMPATH-1H as primary therapy and received a total of 85 mg over 43 days. This 
resulted in clearance of the lymphoma ceils and normal lymphocytes from blood (Figure 12) and marrow 
(Figure 10D). resolution of splenomegaly, and improvement in the lymphadenopathy. A computed tomography 

15 scan taken 8 days after the end of antibody treatment was normal (Figure 11 D) . A bone marrow aspirate taken 
at the same time showed active haemopoiesis but no lymphoma cells, and no CAMPATH-1 -positive cells could 
be detected by flow cytometry, DNA from the mononuclear fraction of this marrow showed only germline 
configuration when probed with the immunoglobulin Jh probe. By day 78 morphologically normal blood 
lymphocytes began to reappear and none of the vacuolated cells could be seen. The patient remains well and 

20 off therapy. 

Some toxic effects of CAMPATH-1 H were observed. The first dose was stopped after 3 mg had been given 
because of hypotension, possibly caused by tumour lysis. This problem was subsequently avoided by giving 
smaller doses at a slower rate and when lymphoma cells had been cleared from the blood, the dose was 
increased to a maximun of 8 mg over 4 h without any effect on blood pressure. Nevertheless, all doses Induced 
25 fever (up to 38.5** C). and malaise for up to 36 h, but these were not severe enough to stop antibody treatment 
which, after the first week, was given on an outpatient basis. Treatment was stopped after 43 days because of 
the development of an urticarial rash after two successive antibody infusions. 

Half-iife of CAMPATH 1-H 

30 The concentration of CAMPATH-1 H was measured In serum samples taken before and after antibody 
infusions and at other times throughout treatment. In theory, a dose of 4-6 mg corresponds to about 1 ug/ml in 
the plasma. In fact free antibody could not be detected until day 4-6, about 5-200/o after 24 hours. 

Lack of Antiglobulin Response 

35 The allotype of CAMPATH-1 H Is Glm(1,2.17),Km(3). Patient 1 was Glm(1,3,17).Km(3) and patient 2 was 
Glm(3),Km(3), so both could theoretically have made an anti-allotype response as well as a response to the 
hypervariable regions. However, we failed to detect any antiglobulin to CAMPATH-1 H either by the solid-phase 
enzyme-linked assay or by the more sensitive haemagglutination assay. In addition, the rate of clearance of 
CAMPATH-1 H did not change and free antibody could be detected for up to 8 days after the last dose had 

40 been given. It is possible that the reactions experienced at the end of the course of treatment could have been 
provoked by contaminating non-human proteins in the antibody preparation. 

Discussion 

The remissions achieved In these two patients show that it Is possible to clear large numbers of tumour cells 
45 with small amounts of an unmodified monocclonal antibody. The effects In the first patient were far superior to 
the results of the previous chemotherapy and radiotherapy. The selective lysis of lymphoma ceils with recovery 
of normal haemopoiesis during the course of treatment was an important advantage, which allowed treatment 
to be given largely on an outpatient basis. It Is believed the choice of antibody-specificity and isotype is 
important: Indeed, ft may be why these tests had more success than previous efforts with other monoclonal 
50 antibodies. (References 36-38.) The CAMPATH-1 antigen seems to be a good target because it is widely 
distributed and abundant, and does not suffer from antigenic modulation. (References 6,35.) 
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TABLES - PATIENT CHARACTERISTICS BEFORE AND AFTER TREATMENT WITH CAMPATH-1H 



Case 1 Case 2 



Diagnosis stage IVB grade I NHL in Stage IVA grade I lymph 

leukaemic phase plasmacytoid NHL 

before after before after 

Spleen size ml 4460 590 2600 440 

Lymphadenopathy nil nil retrocrural nil 

paraortic 



72 



Bone marrow 

lymphoma cell Z 99 
Southern blot analysis 

Ig Jh fragment r/r g/G r/r g/G 

Peripheral blood 

haemoglobin g/dl 8.7 10.6 11.2 

reticulocytes x109/l 31 

platelets xlOVl 37 

lymphocytes xlOVL 60 



12.0 

135 nd nd 

50 110 ^»53 

0 37 0 



neutrophils xlOVl q 2.0 4,6 7.3 
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monocytes xlO'/l 0 0.04 1.5 o.5 



5 


Lymphocyte 


phenotype 












GDI 9 


% 


97 


46 


93 


<5 


10 


CD3 


% 


0 


32 


8 


80 




CAMPATH-IM 


% 


95 


nd 


95 


nd 


15 


CAMPATH-IH 


% 


98 


nd . 


97 


nd 


20 


Serum immunoglobulins 
ISM g/1 


<0.3 


1.2 


<0.3 


0.7 




IgA 


g/1 


<0.5 


<0.5 


<0.5 


0.5 


25 


igo 


g/1 


5.8 


8.2 


3.2 


4.7 




3ence-Jones 




nil 


nil 


++ 


nil 


30 
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The post-therapy values refer to measurements made shortly after the end 
of antibody therapy, except for lymphocyte pheno typing and serum Ig, which 
vere assessed 6 weeks later. Lymphocyte phenotypes were measured by 
irjnunofluorescence and APAAP techniques. Spleen and lymph node dimensions 
vere measured by serial CT scanning (Figll) . 
nd = not done 
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light chain, and that will bind effectively to the antigen Campath-1 . 

8. An antibody as claimed in claim 7. wherein the phenylalanine at residue 27 (n the heavy chain is 
replaced by serine. 

9. An antibody as claimed In claim 7 or 8. wherein the threonine at residue 30 in the heavy chain is 
5 replaced by serine. 

10, An antibody as claimed in any one of the preceding claims, wherein the heavy and light chain 
constant domains are of human lgG1 class. 

11. An antibody composition, for administration to patients, comprising an antibody as claimed in any 
one of the preceding claims in substantially biologically pure form, together with a physiologically 

10 acceptable diluent or carrier. 

Claims for the following Contracting States ES.GR 

1 . A process for the preparation of an antibody having at least one CDR (complementarity determining 
15 region) which is foreign with respect to the constant region of the antibody, said at least one foreign CDR 

being selected from CDRs substantially as identified in Figure 2, that Is amino acid residues 31 to 35, 50 to 
65 and 95 to 102 of the heavy chain as shown In Figure 2a, and amino acid residues 24 to 34. 50 to 56 and 
89 to 97 of the light chain as shown In Figure 2b, the antibody being capable of binding effectively to the 
antigen Campath-1. which process comprises cuituring a cell capable of expressing the antibody in order 
20 to effect expression thereof. 

2. A process as claimed in claim 1 , for preparing an antibody having a heavy chain with at least one CDR 
selected from CDRs substantially as identified in Rgure 2a and a light chain with at least one CDR 
selected from CDRs substantially as Identified In Rgure 2b. 

3. A process as claimed in claim 1, for preparing an antibody having a heavy chain with three CDRs 
25 substantially as identified In Figure 2a or a light chain with three CDRs substantially as identified in Figure 

2b. 

4. A process for the preparation of an antibody having heavy and light chain CDRs which are foreign 
with respect to the constant region of the antibody, said CDRs being substantially as Identified in Figure 2, 
that is residues 31 to 35, 50 to 65 and 95 to 102 of the heavy chain as shown in Rgure 2a and residues 24 to 

30 34. 50 to 56 and 89 to 97 of the light chain as shown In Rgure 2b. the antibody being capable of binding 

effectively to the antigen Campath-1. which process comprises cuituring a cell capable of expressing the 
antibody in order to effect expression thereof. 

5. A process as claimed in any one of claims 1 to 4, for preparing an antibody wherein the CDRs are 
combined with variable domain framework regions of human origin. 

35 6. A process for the preparation of an antibody having heavy and light chain variable domains as 

identified in the lower lines of sequence information in Rgure 2, that is residues 1 to 1 1 3 of the heavy chain 
and residues 1 to 108 of the light chain, the CDRs and constant region of the antibody being foreign with 
respect to one another, the antibody being capable of binding effectively to the antigen Campath-1 . whicii 
process comprises cuituring a ceil capable of expressing the antibody in order to effect expression 

40 thereof. 

7. A process for the preparation of an antibody having heavy and light chain variable domains as 
identified in the upper lines of sequence information In Rgure 2, namely residues 1 to 113 of the heavy 
chain and residues 1 to 108 of the light chain, and that will bind effectively to the antigen Campath-1 , which 
process comprises cuituring a cell capable of expressing the antibody in order to effect expression 

45 thereof. . 

8. A process as claimed In claim 7, for preparing an antibody wherein the phenylalanine at residue 27 In 
the heavy chain Is replaced by serine. 

9. A process as claimed in claim 7 or 8, for preparing an antibody wherein the threonine at residue 30 In 
the heavy chain is replaced by serine. 

50 10. A process as claimed in any one of the preceding claims, for preparing an antibody wherein the heavy 

and light chain constant domains are of human IgQ1 class. 

11. A process for the preparation of an antibody composition, for administration to patients, comprising 
mixing an antibody prepared by the process as claimed In any one of the preceding claims in substantially 
biologically pure form with a physiologically acceptable diluent or carrier. 
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Hindi 1 (I 
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CflGTaOCflGGCTTCflGOTCTGGR^^^^^^^ *'80 
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CTCTCCflCflGGTGTCCR^^ 

GpiCCaGI2T^DflGCTGflflflCTGTTGCflflTCTCGflGGflCCCTTGGTfl^ 
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oligo XIII oligo X 

30^ CDR I 



+300 




+480 
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110 H3 Splice 
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COCflGCCTCGTCaCfiCTCTCCTCflGGT jBamHI 
GGflGTCflTGGTCftCflOTCTCCTCfl ^' 
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01igonucl*<>tides: I: S'-GGC CAG TOO ATA GAC-J- III- 5--CAG TTT TAT tta 

GAG ACT gTg'ac V S ^.'^ ^^^^-^^^ ^'"^ ^--TCA CCT OAO 

CCA GT^cI? r?I ri A ?r;°°'' ''^^ ^^"^ T^-^'' 5--CTG TCT CAC 
CC^ CTT caJ 2^ rrr ^JJ '^^^ ^'-CAT TCT CAC TCT rr 
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CAG-3', xWs'icC TTGGCCrll rrr r^'' '^^^ CAT CAC ' 
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Sequence o-f the synthetic gene HUVLLYSO 

50 60 

'° 100 110 120 

160 170 100 

270 280 290 300 

330 340 350 360 

GATCCTAGAATTC 
CTAGGATCTTAAG 
370 

Fig. 3 



EP 0 328404 A1 



AlUJTWVTCCTCTGAAT 

CTCTACAGTTACTQ^CAC^^ 

1 

ATCGGIQ^CAATGACATCCACm^^ 

5 10 15 20 

25 30 35 

45 50 55 

'^^^^'''^'''^'^'^ 

65 70 7c 

GSGSG TDFTFT iqciT n^Sr^,^. 

^5 100 

105 108 
V E I K R 



EP Q 328 404 A1 




EP 0 328 404 A1 




EP 0 328 404 A1 




60 



% tysis 




EP 0 328 404 A1 



Os 




EP 0 328 404 A1 





EP 0 328 404 A1 




EP 0 328 404 A1 




\unoo \\B0 pooiq lejeijduad 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



EP 89 30 1291 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSmCATION OF THE 
APPUCATION ant. a.4) 



Y,D 



Y.D 



X.P 



EP-A-0 239 400 (G.P. WINTER) 

* Whole document, especially page 30, 
last paragraph * 

JOURNAL OF IMMUNOLOGICAL METHODS, vol. 
103, 1987, pages 59-57, Elsevier 
Science Publishers B.V. (Biomedical 
Division); G. HALE et al.: "Isolation 
of low-frequency class-switch variants 
from rat hybrid myelomas" 

* Whole article * 

NATURE, vol. 321, 29th May 1986, pages 
522-525; P.T. JONES et al . : "Replacing 
the complementarity-determining regions 
in a human antibody with those from a 
mouse" 

* Whole article * 

NATURE, vol. 332, 24th March 1988, 
pages 323-327; L. RIECHMANN et al . : 
"Reshaping human antibodies for 
therapy" 

* Whole article * 



1-11 



1-11 



A 61 K 39/395 
C 12 N 15/00 



1-11 



1-11 



TZCHNICAL nEUDS 
SEARCHED ant- a.4) 



C 12 N 

C 12 P 



The present search report has been drawn up for all datms 



Place of seafth 



THE HAGUE 



Oato of oDinplelJao of tht search 

11-05-1989 



CUPIDO M. 



CATEGORY OF QTED DOCUMENTS 

X : particularfy rdevaot if taken atone 

Y ; particularly relevant If combined with another 

document of the same categoiy 
A : technological background 
O : non-wrltien disclosure 
P : lotermedfate document 



T : theory or principle underlying the tnventloD 
E : earlier patent document, but published on, or 

after the filing date 
O : document dted in the apptlcatfon 
L : document cited for other reasons 



& : member of the same patent family, corresponding 
document 



